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(g) Method of magnetic separation of cells and the like, and microspheres for use therein. 

Magnetically-responsive microspheres having Protein A 

^octated with the outer surfaces thereof are reacted w.th 
jXi antibodies selectiyetojhe ^ ^^^^"\?: Tnt'l^L^p.^ 
^ ' ^p nBratedfrOf^ r;^^;^^^ 

g^l^^dTjiat^^ outwardly. 

^;;r5^ ^^;;{^^^resare tj^ ^^ in a magnetic separation 

procedure . The pTifi^Fid^icrospheres are prepared from a 

mixture of albumin, Protein A, and magnetic particles, the 

microspheres being prepared so that the Protein A is present 

in the exterior surfaces for antibody bmding. 
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METHOD OF MAGNETIC SEPARATION OF' CELLS AND THE 
LIKE, AND MICROSPHERES FOP USE THEREIN 
' This invention relates to the fractionation of 
■heterogeneous populations of cells or the like to isolate 
a relatively homogeneous sub-population of a specific cell 
tvoe. More, specifically, the intprovenient of this invention 
relates to magnetic sorting of cells, bacteria, or viruses. 

A general procedure for magnetic sorting of cells, 
bacteria, and viruses is disclosed in United States patent 
3,9 70,518, issued July 20, 19 76. In that procedure, uncoated 
particles of a magnetic material, such as iron oxide, are 
contacted with a high conc^tration liquid dispersion of the 
selective antibody, and after sufficient antibody has adhered 
to the magnetic particles, the coated particles are contacted 
with the mixed population to be fractionated, the select cell 
or the like binding to* the magnetic particles, and the bound 
cells are then separated magnetically from the remainder of 
the population. As a further step, the select cells may be 
separated from the magnetic material, by the use of a cleaving 
agent solution and magnetic removal of the magnetic particles. 

X-rtiile there are literature reports describing the use 
of niagnetic microspheres in cell sorting, there is no literature 
verification that uncoated magnetic particles can be made to 
effectively .bind with antibodies. In the published procedures, 
the particles of magnetic material are contained in microspheres 
formed from polymers, which can be chemically coupled to anti- 
bodies. See, for example: Molday et al. Nature , 268 , 437 
(1977) r Kronick et al, Science , 200 , 1074 (1978); and Antoine 
et al, Incaunochemistry , 15^, 443 (1978). These references 
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describe inagneticaily-res?onsive microspheres formed from 

acrylate polymers, such as hydroxyethyl me thacrylats, or 

polyacrylamide- agarose microspheres. Such laicrcspxheres can 

be chemically coupled to antibodies with glutaraldehyde or 

other di-aldehydef. As described by the cited Holdav (1977) 

and Komick references, one procedure involves the chemical 

attachment of diaiainoheptane spacer groups to the microspheres/ 

which are then chemically linked to the antibodies by 

^glutaraldehyde reaction. ^M-thougfa-effective 

antibodi"es=canr:be^-obtai^^ 

V ^ 

aggregation-of-micTOSpte ges-can-readi-l y-occur-and-tlng-^ 

. , . _ ' ' 

txve-?roce-Gure-iS"time^consi2min:g. For example, the reaction 

to attach spacer groups may require from ^f ive::^o- -twel ve- hoAirs-^ 

of chemical reaction time, and subsequent dialysis to remove 

the excess reagent. The coupling of the antibodies may then 

require another twelve to twenty- four hours followed by dialysis ' 

to remove excess coupling agent. Further, such antibody reagents 

may not be used efficiently, since an excess of the antibodies 

will usually need to be present during the chemical coupling. 

Another disadvantage, of .magnetic particle or microsphere 
separation methods as described in the art is that the anti- 
bodies are attached to the microspheres in a random manner. 
Antigen-binding occurs through the Fab regions of the antibodies 
which are in the outer portions of the arms. ^With~random=z, 
a tta^fiment^o f— the-antibodi 
<=rbe-unaY3iJ^able--f^ Thus, an excess of antibody 

must be used to assure that the coated microspheres effectively 
bind to the antigens associated with the cells or other bodies 
being sorted. 
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The present invention utilizes staphylococcal Protein A 
to overconis the limitations of prior art niacnetic sorting pro- 
cedures, as described above. It is knov.^ that staphylococcal 
Protein A selectively binds to antibodies through the ?c reg-^on 
oz the antibodies, which is located in the tail portions of the 
antibodies remote from the Fab arms. See Forsgren et al/ 
J, Iitununol. , 99, 19 (196.7). Heretofore, however, this property 
of Protein A has not been utilized to form magnetic microspheres. 
Protein A has been coupled to Sepharose beads (cross-linked 
agarose geis) to provide a column material with immunoglobulin- 
binding proper-ties. The column may be used for affinity chroma- 
tography, for- example, of the IgG fraction of serum. Such 
chromatographic column materials are commercially available. 

Protein A has also been used in procedures for cell 
separation by density gradient centrifucation. See, for 
example, Ghetie et al, S cand . J , Immunol . , 4_, 471 (1975). in 
a typical procedure, sheep erythrocytes are coated with Protein* 
A by ClrCl^ coupling, and the coated erythrocytes are then con- 
tacted with mo\ase lymphocytes which have been previous Iv reacted 
with antibodies to prepare the ceil surfaces for binding to 
Protein A, thereby resulting in resetting of the lymphocytes 
around the erythrocytes . The resulting rosetted cells are 
recovered by density gradient centrifugation. 

In accordance with the present inven-cion, as distinguishe 
from prior art procedures, magnetically-resoonsive micros-oheres 
2lO prepared having Protein A associated with the surfaces the-^ec 

and the resulting microspheres are first reacted with the select 
antibodies before the microspheres are used for cell separation 
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With xsi^ rdcrcspheres used in the methac of this invention the 
antibodies are thereby arranged in orien-ied atwachinent on their 
outer surfaces with the Fab arms of the antibodies extending 
curwardiy. The effectiveness of the microspheres for antigen 
binding and use in magnetic sorting procedures is thereby 
naxird zed . ^a?his=gre atiyzrin cr:ease s~the"e f f i"ci'^ncy=^wi:thr:wh^ 

=used:;=rr:ur±he r7=it"e"iinana tesr:.t^ 
the~antibodies . 



sJ^ tne==SBi=ecr=a^^ 
^ ji5eli==^fcr=^heni^^a^^ 



In a preferred embodiment, the microspheres are prepared 
by mixing Protein A with a polyner matrix mat.erial which does 
not mask che antibody-binding sites of the Prorein A. The 
resulting microspheres having the Protein* K in the outer 
surfaces thereof do not require chemical coupling of the 
Protein A to preformed microspheres. Albxiniin appears to be 
a particularly suitable matrix material for preparing ■ such 
microspheres* Vvhen the microspheres are formed from an aqueous 
admixture of albiiaiin, Protein A,, and magnetic particles/ the 
Protein A is effectively available in the outer surfaces of 
the microsoheres, in effect, fonning surface layers on the 
microspheres with the Protein A in high concentration- The 
explanation for this result is not fully understood, but 
appears to relate to the wetting agent or surface tension 
properties of' Protein K when dispersed in an aqueous solution 
in admixture with albumin. 

Thus the present invention comprises a method for 

separation of a select population of cells / bacteria, or 

(MM'^ ^s3 viruses from a mixed population thereof, in which the micro- 
spheres containing magnetic particles are coated with a layer 
of antibodies which selectively bind to the select population. 
The coated microspheres are contacted rTc.^4-i-4'V/ri^ 
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wiz.h the mixed pcpulatiion, and the bo-ond select population is 

irtagnstically separated from the rest of the mixed population. 

The meuhod iraprovement is characterized by modifying the surfaces 

of the raicrospheres prior to coating them with antibodies to ^' 

provide staphylococcal Protein A distributed thereover in 

adherenr relation to the microspheres. The pjLcrospheres are 

t.hen contacted with antibodies which bind the Protein A and 

which also bind selectively tc the select population. By this 

means the anwibodies are arranged in oriented attachment on 

the surfaces of the microspheres with their Fab arms extending 

outwardly. Thereafter/ the rest of the steps of the magnetic 

separation are carried out./ as is known in the art* Preferably, 

the microspheres are formed of a polymer matrix material in 

admixture with the magnetic particles and Protein A, such as 

an albumin matrix material in an amount of 100 parts per 5 "to 

4 0 parts of Protein A. A.lternatively r however, the Protein A 

may be chemically-bonded to the exterior surfaces of the 

microspheres to provide a Protein A coat-ing thereon. 

Vv^ere chemical coupling procedures are used, the micro- 
spheres may be formed from any matrix material which can be 
chemically coupled to Protein A, including albumin or other 
amino acid polymer, and synthetic polymers, such as acr^'late 
polymers. For example, the microspheres may be formed from 
methyl methacrylate, hydroxyethyl methacrylate , methacri'lic 
acid, ethylene glycol dimethacrj'late , agarose poli'mers, poly- 
acrylamide polinners, or mixtures of such pol^Tners. Protein A 
may be directly coupled to solid support surfaces containing 
magnetically responsive materials by several procedures. See, 
for example, Molday et al, J. Cell aiol'ocv , 64 , 75 (1975) 
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Kic-cs^heres .can be derivatized with either andnoc'aproic acic 

dianiinoheptane which provide 'extended functional grouos 
for coupling proteins to insolubilized matrixes. Alternatively, 
with solid surfaces already containing functionally available 
groups (i*e- amino groups on albuinin microspheres) a direct 
glutaraldehyde coupling of Protein A may be accomplished. 

An' alternate preferred procedure is to incorporate the 
Protein A in the microspheres by admixing it with the matrix 
material prior to the formation of the microspheres, and carrying 
out the. preparation so that the Protein A is available in the 
outer surfaces of the microspheres. Suitable procedures for 
oreparing such microspheres will therefore b« described, but 
it should be ^understood that the present invention in its broad 
method aspect is 'not limited to the use of such preferred 
microspheres . 

Jor use in the present invention, the Protein A can be 
prepared from Staphylococcus aureus by procedures described in 
the literature. See, for example, Porsg^ren et ,al, J . Imnur. . , 
97, 822 (1966); and' Kronvall et al, Immunochemi stry , 2' -^^ 
(1970) . Staphylococcal Prctein A is also available from commer- * 
cial sources, such as Pharmacia Fine Chemicals, Piscatavay, New 
Jersey. 

^The-p_re:fer:rjed-matrix=material— for— fcn^^ 
^^^^^cnixtur^^ 

alb^Saii^ Animal or himan albumin may be used, for example r 
human serum albumin. Other water-soluble proteins can be used 
such as hemoglobin, or synthetic amino acid polymers including 
oolv-L- lysine and poly-L-glutamic acid. 
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v\^en whe Protein A is premixed with the matrix politer/ 
and zhe inicrcspheres formed therefrom, sufficient Protein A 
^hoalc be included so that rhe outer surfaces of che ZTiicrosoheres 
v;ill bind antibodies through the selective action of the Protein A, 
In general, the microspheres may contain from 2 to 4 0 parts by 
veight of Protein A per 100 parts of the matrix polymer such 
as albunin. Preferred proportions are from about 10 to 35 pams 
of the Protein. A per 100 parts of the matrix polymer, 

-A sufficient amount of finely- divided particles of a 
magnetic material should aJ^so be included so that the micro- 
spheres are magnetically-responsive. For exampler the magnetic 
particles may be ferri- or ferro- magnetic compounds, such as 
magnetic iron oxides. Other useable magnetic materials in 
particulate forzi are disclosed in U-S. patent 3/^970,518. A 
^^j^pref erred magnetic material is m agnetite (r e^O^ ) . Depending 
on the size of the microspheres, the magnetic particles may 
range in size from 100 to 20, 000 Angstroms. The microspheres 
may contain fron 10 to 15 0 parts by weight of the magnetic 
material per 100 parts of the matrix polymer. The microspheres 
• may range in size from 0.2 to 100 microns in diameter. Pre- 
ferably, however, the microspheres have an average size in the 
range from about 0*5 to 2.0 microns. With microspheres in this 
size range, it is preferred that the magnetic particles have 
diameters of not over 300 Angstroms, such as an average size 
of about 10 0 Angstroms. 

The procedure previously published for preparing albumin 
microspheres can be used. Widder et al, J. Pharm. Sci. , 63 , 
79 (1979) . The preferred procedure is the one described for 
the heat-stabilizsd microspheres. In general, an aqueous mixture 
is prepared for use in forrainc the microcapsules, the mixture 
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ccniti-r.ir.c t.he. al'bc.T.in cr other hydrocollcid avatrix pclyn^er, 
Prozein A, er.d the ZTiacnetic particles* ' The solid r;auerial5 
are dispersed in va-cer and thcrcuchly nixed therewith, fcr 
a>:Hx:3le, usinc 20 to 40 pariis of t.otal solids per 100 parts 
of water. Sufficient water should be present to forri an aqueous 
eel with the maurix hydrocolloid. In general, the anoimt of 
water may range from 10 to 6 0 parrs per 100 parts of total solids 
The aqueous niix is then emulsified with an oil, such as a vege- 
table oil/ the emuls if i cation, being carried out with vigorous 
agitation, for example/ using sonication, to obtain a droplet 
disoersion of the aqueous mix in the Vegetable oil having the 
reauisite droplet size to form the microspheres- Preferably, 
the emulsif ication is carried out' at low temperatures , such as 
temosratures in the range of 20 to 30*" C. After the emulsion 
has been formed, the emulsion is added to a larger body of oil, 
which is preferably the same oil used to form the emulsion. 
In oractice, cottonseed oil gives good results. To promote 
the separation of the water droplets, the emulsion can be 
added in small increments to the oil bath, such as by cropvise 
addition. Preferably, also, the addition is accompanied by 
rapid stirring of the oil into which the emulsion is being 
introduced. 

For purpose of the present invention, the droplets may 
be heat-hardened to stabilize them and thereby provide "the 
microspheres- This can be conveniently accomplished by using 
a heated oil bath, that is, by dispersing the emulsion into 
hot oil/ such as oil at a temperar^ure in the range of 70 to 
ISO^C. The effect of hear stabilization on albumin microspheres 
is described in Unired Stares parent 3,937,66B, issued February 
1976. 

r.fter the heat-hardening, the prepared microspheres are 
seoararec from rhe oil. This may be acco.r.plished by centrifuge 
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or filtration, and the microspheres washed with a suitable 
organic solvent, such as diethyl ether, to remove the oil from 
the exterior surfaces of the nicrospheres. The microspheres 
are then ready for reaction with a specific antibody, such as 
an antibody prepared in rabbits. Such rabbit immunoglobulins 
which bind to Protein A include all subclasses of IgG. However, 
^antibodies prepared froui other sources can be used, providing thi 
also bind to Protein A» Usually, the antibodies will be applied 
to the microspheres in aqueous suspension. The concentration of 
the antibodies may be low, since the Protein A will remove the 
antibodies from the treating solution -even at low concentrations 
As pre^'iously described, the binding is through the ?c region 
of the antibodies, thereby providing for an oriented attachment 
of the antibodies with the antigen-binding Fab arms extending 
outwardly from the outer surfaces of the microspheres. The 
microspheres are t.hen ready for use in magnetic cell separation, 
as previously described' in the literature. 

The magnetic sorting method of this invention and the 
preferred microspheres for use therein are further described 
and illustrated in the follovring specific examples. For 
conciseness of description, the examples use certain abbrevia- 
tions, which have the following meanings: 



SpA: 


Staphylococcal Protein A 


FITC: 


f lurocein isothiocyanate 


CR3C: 


chicken red blood cell 


S?3C: 


sheep red blood cell 


H3C: ■ 


red blood cell 


FCS: 


fetal calf serum 


H3SS: 


Hank's balanced saline solution 


EDC: 


carbodiimide: 1-cyclohexyl- 3- {2- 
mcrpholinyl- (4) -ethyl-carboQiiiri.ee 
methotoluene sulphonate) 



-10- 
EXAi^IPLE I 

Magnetic albumn microspheres contair.ing staphylococcal 
Protein A (S?A) as part of zhe matrix were prepared by an 
eniulsion polymerization method. A 0,5 ml aqueous suspension con- 
taining a total of 190 mg dry material was made consisting of 
66% human serum albumin/ 19% ^^3^4 (P^^-ticles 15-20 nm) and 15% 
SpA, To this, 60 ml of cottonseed oil was added and the 
emulsion was homogenized by sonication for one minute. The 
homogenate was added dropwise to 200 ml of constantly stirred 
cottonseed oil at 120 to 125®C for 10 minutes.- The suspension 
was washed four zimes in diethyl e-cher by centrifugation for 
15 minutes at 2000 xc and stored at 4°C until subsequent use. 
A sample ox microspheres were coupled with FITC-conjugated 
rabbit IgG by incubation at 37 °C for 20 minutes, and examined 
for surface fluorescence with a fluorescent microscope. ^ The 
intensity and apparent -uniform distribution of fluorescence 
indicated that SpA was oriented on the microsphere surface 
in a manner that allowed IcG molecules to interact with the 
Fc binding sites on the SpA. 

EXA.MPLE II 

Microspheres prepared as described in Example I were 
used to separate CRBC from suspension's containing both CR3C 
and SRBC. Alicuots of CRBC and SRBC were labeled wi-ch ^^Cr 
in order to assess extent of separation as well as cell 
integrity. Labeling of CRBC was accomplished by incubazing 
1 X 10 CRBC suspended in 0.2 ml Hanks balanced salt solution 
(EBSS) containing 2.5% heat inactivated fetal calf serum (FCS) 
with lOO^Ci Ka^^^CrO^ (1 mCi/nd) for 90 minutes at 37°C. 
SRBC were labeled by similar treatment with the exception of 
,nvp.^""* cht incubation at 37**C. Antibody was coupled to rhe 
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microspheres^oy incubating O.Smg of the microspheres suspended 

in 0.2 ml of 0.9% NaCl solution containing 0.1% Tureen 80 ^^^^^tvulc^ 

(saline- Tvveen 80) with either 0.5 mg rabi:it anti-chicken HBC 

(IgG fraction) or 0.5 mg normal rabbit IgG for 45 minutes at , 

'37 °C. Unbound IgG was removed by centrif ugation with excess 
saline-Tween 80 at 1500 xg for two minutes at 4**C. Microspheres 
were then resuspended in 0.2 ml saline-Tween 80 by briefly 
sonicating in an ultrasonic waterbath. To this suspension, 
a mixt\ire of 1 x 10^ CR3C and 1 x 10^ SRBC in 0.2 ml of KBSS 
was added. The cells were then incubated wi-th -the IgG-coated 
microspheres for 30 minutes at 37®C with mild agitation. Cells 
bearing adherenr magnetic microspheres were removed from sus- 
pension by applying a 4 0 00" gauss (gradient - 15 00 gauss/cm) bar 
magnet to the- side of each test tube for one minute. CBojth 

/^superna^ani^-a^d: pe 1 le t" a: 3e ckman. 

^>Jode:l "8 00:0:i^:gamma - counter-^ ?^Ci^?==:rControl la±>ered~ceirs:, 
<incubaiued-riT^ 

cs po n t an eoA^-T:5?i^.a:S„ei.-> 

Based on ^^Cr counts, it was found that when 1 >: 10^ ^^Cr 
CR3C in combination with 1 x 10^ SR5C were incubated with 0.5 
mg microspheres bearing anti-CRBC antibodies/ 97.8% of the labeled 
cells were magnetically removed from suspension. Kemocytometer 
counts of erythrocytes in the supernatant revealed only o!26% 
residual CR3C among the remaining SR3C. Using this method of 
cell separation I a population of SRBC which was 9 7-99% homogeneous 
was generated with 90.5% recovery of the starting SRBC mass. The 
non-specific adherence of ^~Cr CRBC was tested while using 
microspheres bearing anti-SRBC and normal rabbit IgG respectively, 
and found to be < 10%. . 
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EXAMPLE III 

Microspheres prepared as described in Example I were 
used to fractionate Lewis rat splenocytes . Based on the 
presence or absence of surface inmunoglobulins , it is possible 
to distinguish between thymus-deriyed T lymphocytes and bone- 
marrow derived 3 lymphocytss. Normal non-IgG bearing spleno- 
cytes, considered to be predominantly T lymphocytes, were 
ourified by incubating splenocytes with microspheres containing 
rabbit anti-rat IgG. 

A cellular suspension of spleen cells xf&s obtained by 
teasing rat spleen on a metal screen in HBSS with 10% heat 
inactivated FCS. The cells were washed three times and over- 
layered on Ficoll-Hypaque (specific gravity 1.072). The gradient 
was then centrifuged at 1200 xg for 25 minutes at 25''C, to 
eliminate dead cells and red blood cells. The resultant inter- 
face band was removed and assessed for viability by trypan blue 
dye exclusion. The number of IgG bearing cells was determined 
by incubating the cells at 37»C with FITC conjugated rabbit 
anit-rat IgG and counting the number of fluorescent labeled 
cells. Rabbit anti-rat IgG, normal rabbit IgG, and rabbit anti- 
chicken RBC were coupled to 0.5 mg the SpA microspheres (0.5 mg 
IgG/0.5 mg microspheres). Spenocytes (2 x 10^) suspended in 
HBSS with 2.5% heat inactivated FCS were added to the 0.5 mg 
microspheres. In order to minimize the capping phenomenon and 
ir>aintain viability, reaction mixtures were incubated for 2.5 
hours at ^'C. Cells with adherent microspheres were separated 
magnetically as described in Example II, and resultant super- 
natants were analyzed for total cell count, viability, and f lucre 
cence. The resvilts are summarized in Table A. 
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Vi&bility of unfractionatec ceils afcer centrif uca uicn 
in Ficoll-Hypacue was 96%. Supernatant cell viaoility after 
magnetic separation was 93%, demonstrating a miniiual loss 
of viability. Between 47 to 51% of unf ractionated splenocytes 
were IgG-bearing cells as determined by fluorescence nvicro- 
scopy. However, after magnetic separation of splenocytes 
in the experimental group, only 0.5% of the supernatant cells 
had detectable IgG on their surface, showing a highly enriched 
population of non- IgG-bearing lymphocytes. 

Antibody specificity was verified by demonstrating 
negligible depletion of IgG-bearing ceils following incubation 
of splenocytes with microspheres containing either normal rabbit 
IgG or anti-CRBC- Rat thymocytes, normally containing 4 to 6% 
IgG bearing li^rphocytes , were totally depleted of. these cells 
after incubation" with microspheres coupled with anti-rat IgG. 

The sensitivity of the system was tested by serial 
dilutions of microspheres bearing rabbit anti-chicken KSC with 
the addition of 1 x 10^ ^^Cr CRBC at each dilution.. Incubation 
of microspheres and cells was carried out for 30 minutes at 
37**C. Cells with adherent microspheres ware magnetically removed 
and both pellet and supernatant fractions counted for ^^Cr. " 
Percent CRBC bound to the microspheres was linearly related to 
the amount of , microspheres present until microsphere saturation 
occurred. No less than 99% binding of 1 x 10^ CB3C was observed 
when ^104 j^q of microspheres were used. 
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footnctes t.o Table A 

(1) 2 X 10^ cells/0.2 .-al H3SS + 2.5% FCS, incubated with 
0.-5 mc .niicrospheres bearing antibody as indicated. The 
reaction mixture was incubated for 2.5 hours at 4 »c. 

(2) The percent of IgG-bearing cells not removed by magnetic 
microspheres was determined by incubating supernatant 
cells with 0.1 ml PITC conjugated rabbit anti-rat IgG 
for 20 minutes at 37»C. The amount of concairdnant IgG- 
bearing cells was determined by fluorescence niicroscopy. 
In addiricr., 95.3% of the expected non-IgG-bearinc 
splenocytes was found in the supernatant as determined 

by triplicate counts in a hemocytometer of non-fluorescent 
cells. - .. 

(3) Between 44 to 51%' starting splenocytes are IgG-bearing 
cells ak determined by fluorescence microscopy, and 4 to 
6% of rat thymocytes are IgG-bearing cel-ls as determined 
by the same method. 

EX.5iMPL2 IV 

Magnetic albumin microspheres were prepared as described 

in Example I, except that Protein A was omitted. The amount of 

albumin was correspondingly increased" so that the dry material 

used to form the microspheres was 81% albumin and 19% Fe o 

3 4 * 

Protein A can be applied to the microspheres thus formed as 
described in Example V. 

EXAI-PLS V 

5mg/ml Protein A in KBSS is prepared as a startinc 
solution. For the one step aqueous carbodiimide couplin- 10 r-^ 
of EDC is added to 20 mc of either an acr^'late polymer iB:.-ro3on9r* 



-16- 



matrix prederivatized with^ andnocaproic acid, or 20 mg of 
albumin microspheres suspended in 10 mis of the starting 
Protein A solution and allowed to react for 4 hrs at 4 °C 
with vigorous stirring. The coupling reaction is then 
■terminated by addition "of 0.4- ml of 0.2 M glycine solution pE 
7.S. Unbound Protein A and unreacted' EDC is removed by washing 
4X in HBSS. The Protein A coated microspheres are then 
coupled to appropriate antisera by incubation of 2 ing of 
microspheres with 1 ml of antiserum at ST^C for 10 rains with 
slight agitation. The alternative coupling agent is 
glutaraldehyde 1.25% solution which is added to 10 mis of E3SS 
solution :(?H 7.4) containing 50 mg Protein A and 20 mg of either 
albu-'tiin microspheres or 20 mg of diamino.heptane derivatized 
acrylate microspheres, allowed to react for 2 hrs at 37 °C with 
slight agitation. Unreacted Protein A and excess glutaraldehyde 
is reiroved by centrifugation washing 4 X with HBSS. Antibody 
is attached to microspheres as described above in prior examples. 
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CLAIMS 

1. A inethod for the separation of a select population 
of cells bacteria , or viruses from a mixed population thereof , 
in which irdcrospheres containing magnetic particles are coated 
with a layer of antibodies which selectively bind to the select 
population, the coated microspheres are contacted with said 
irix^d population so that said microspheres are. bound to the 
select population, and said bound select popula'cion is magneti- 
cally separated from the rest of said mixed population, wherein 
the improvement comprises: prior to coating said microspheres 
with antibodies modifying the surfaces of said microspheres to 
provide staphylococcal Protein A distributed thereover in 
adherent relation to said microspheres, then contacting said • 
microspheres with antibodies which bind to Protein A and which 
also bind selectively to said select population, whereby said 
antibodies are arranged in oriented attachment on the surfaces 
said microspheres with their Fab arms extending outv/ardly, and 
thereafter carrying out the rest of the steps of said method. 

2. The method of claim 1 in which said microspheres 
are formed of a polymer matrix material in admixture with said 
magnetic particles and said Protein A. 

3» The method of claim 2 in which said matrix material 
is albumin and said microspheres contain from 2 to 4 0 parts by 
weight of Protein A per 100 parts of albumin. 

4 . The method of claim 1 in which said -Protein A is 

chemically-bonded to the exterior surfaces of said microspheres. 

1 
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5. Microspheres for r-acnetically sorting of cells, 
bactieria, or viruses, comprising nicrospheres formed fror. 
an aniino acid polynver matrix material in admixture v:ith 
stephyiccoccal Protein A, and beinc of a size from 0.2 to 
100 microns diameter, said microspheres containing from 2 to 
40 parts by weight of said Protein A per 100 parts of said 
amino acid polymer and said Protein A being present in the 
exterior surfaces of said microspheres for antibody binding, 
said microspheres also containing magnetic particles of a size 
from 100 to 20,000 Angstroms and in an amount sufficient to 
make said microspheres magnetically- responsive . 

6. The microspheres of claim 5 in which said amino 
acid pol^'mer is albumin. 

7. The -microspheres of claim 5 or claim 6 in which 
said Protein A is present in an a-mount of from 10 tc 3 0 parts 
bv weight per 100 parts of said amino acid polymer. 

S. Microspheres for magnetically sorting of cells, 
bacteria, or viruses, comprising microspheres formed from 
an aqueous mixture of albumin, staphylococcal Protein A, and 
ir^Lcnetic particles, said microspheres • having an average 
diameter of from 0.5 to 2.0 microns, and containing from 
2 to 40 parts of said Protein A per 100 parts of said albumin 
and said Protein A being present in the exterior surfaces of 
said microspheres for antibody binding, said magnetic particles 
being of a size not over 30 0 Angstroms and being present in an 
amount sufficient to ma.ke said microspheres magnetically- 
responsive. 
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9. Thp. niicrospheres of claim d in vhich said magnetic 
particles are Fe30, and are presert in an amount of fron, 10 to 
15 0 parts by weight per 100 parts of said albumin. 

10. The microspheres of claim 8 or claim 9 in which 
said Protein A is present in an amount of from 10 to 35 parts 
by weight per 100 parts of said albumin. 

.11. A method according to. claim 1 .in which micro- 
spheres'as defined in any of claims's to 10, are employed. 
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